INTRODUCTION {#sec1-1}
============

Primary angioplasty (PA) for ST-elevation acute myocardial infarction (STEMI) is the most beneficial reperfusion therapy in terms of survival comparing with intravenous thrombolysis as demonstrated by multiple large studies.\[[@ref1][@ref2]\] Besides, PA has shown an additional advantage in reducing bleeding complication compared with thrombolysis therapy. There is a direct and exponential association between the time from onset of symptoms to coronary artery restoration flow and patient survival. Thus, any time delay has a strong and negative implication in prognosis of STEMI patients undergoing PA.\[[@ref3]\]

Although femoral approach has been traditionally the routine access for percutaneous coronary intervention (PCI) and PA, more recently, radial approach has gained an increasing use due to a significant decrease in site vascular complication and hospitalization stay.\[[@ref4]\] Moreover, radial access in STEMI patients undergoing PA has been associated with greater survival rates compared with femoral approach.\[[@ref5]\] Despite these clinical benefits, some interventionists are hesitant in using this access for emergent PCI because of its potential association with a longer procedure time.

The procedure time of PA has been compared in radial versus femoral approach in many observational and randomized studies with inconclusive results.\[[@ref4][@ref6][@ref7]\] A number of meta-analyses have compared outcomes of radial versus femoral access in emergent PCI, but the procedure time was often considered as a secondary end point.\[[@ref8]\] Besides, not all meta-analyses have delimited their research to randomized trials. Taking into account these limitations, we considered necessary to conduct a meta-analysis with only controlled randomized studies published so far to clarify the difference of procedure time between radial and femoral approach in the context of STEMI patients undergoing emergent PCI.

METHODS {#sec1-2}
=======

We searched for controlled randomized trials (CRTs) comparing radial versus femoral approach in STEMI patients undergoing emergent PCI. We scanned PubMed, EMBASE, the Cochrane Central Register of Controlled Trials, Clinical trials.gov from January 1990 to October 2014. Furthermore, oral and/or slide presentation was searched in transcatheter coronary thera ([www.tctmd.com](http://www.tctmd.com)).

Different combinations of the following keywords were used: "radial access," "transradial," "Radial vs. Femoral," "percutaneous coronary intervention," "primary angioplasty," "emergent PCI," "acute myocardial infarction," and "ST-segment elevation myocardial infarction." No language restrictions were enforced. In addition, we hand searched the references of retrieved articles and used PubMed- related articles to identify studies not found by primary search strategy. We performed a systematic review in accordance with QUOROM statements.\[[@ref9]\]

The inclusion criteria were (1) randomized studies comparing radial versus femoral approach, (2) patients suffering from (STEMI). STEMI undergoing emergent PCI, and (3) procedure time reported in all studies. The exclusion criteria were (1) nonrandomized studies, (2) unspecified myocardial infarction type, and (3) lack of procedural time information.

Data extraction and analysis {#sec2-1}
----------------------------

Mean and standard deviation of procedure time in femoral versus radial group of each study were extracted. When the procedure time was not defined or available in a trial, we contacted the main investigator to get the data of interest. When procedure time was reported as median, Hozo *et al*.\[[@ref10]\] method for mean and variance estimation from median was used. Mean difference (MD) was calculated and pooled to measure the global effect. Study heterogeneity was estimated with Chi-square and *P* \< 0.10 indicated the presence of heterogeneity.

When fixed effect model revealed the absence of homogeneity, random effect model was used for global MD estimation and pooled with the inverse of variance plus the additional parameter of τ^2^ which indicates the variability between studies. Between-study heterogeneity was calculated with I^2^ = ×100 (\[Q − df\]/Q) where Q is Chi-square statistic and df is its degree of freedom. I^2^ is the percentage of variability in the estimation of parameter due to heterogeneity between studies.

Meta-regression analysis was utilized to identify the independent variables which could potentially have contributed to the presence of heterogeneity of the effect estimation. Besides, we performed an analysis of influence and sensitivity to find the weight of each study in the contribution of heterogeneity. Publication bias was investigated by Egger method and a *P* \< 0.10 value was considered as bias indicative. All estimations were performed with the statistic package Stata 13 (StataCorp; United States).

RESULTS {#sec1-3}
=======

A total of 14 randomized studies were identified as appropriate for the meta-analysis.\[[@ref4][@ref5][@ref7][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21]\] Two trials were excluded because of unavailability of data regarding procedure time.\[[@ref20][@ref21]\] In Wang *et al*. trial,\[[@ref18]\] an emergent PCI was carried out within 12 h after thrombolytic therapy, and in RADIAL-AMI trial,\[[@ref11]\] both PA and rescue angioplasty were included in the study. In FARMI \[[@ref12]\] trial PA, rescue angioplasty and facilitated PCI were considered eligible for the study. RIVAL trial \[[@ref5]\] included both STEMI and non-ST-elevation acute coronary syndrome and subgroup of STEMI with 955/1003 in radial versus femoral access was used for the outcome of the current meta-analysis.

In this trial, fibrinolytic therapy was used in 12% of patients within STEMI group. In the remaining trials included in the meta-analysis, all patients with STEMI underwent PA.

All studies were published in peer-reviewed journals. Finally, a total of 12 studied were included in the meta-analysis with a total of 4173 patients, 2052 and 2121 in radial and femoral group, respectively \[[Figure 1](#F1){ref-type="fig"}\]. Characteristics of each trial are described in [Table 1](#T1){ref-type="table"}. In 41.6% of all studies, there was not a clear definition of procedural time interval.

![Flow diagram of systematic overview process](HV-19-1-g001){#F1}

###### 

Characteristics of included randomized studies
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Procedure time {#sec2-2}
--------------

MD of procedure time estimated by random effect model showed a slightly longer interval in radial group although this difference was not statistically significant (MD \[95% confidence interval \[CI\] = 1.6 min \[−0.10, 3.3\], *P* = 0.07, *P* het = 0.56) \[[Figure 2](#F2){ref-type="fig"}\]. Meta-regression analysis showed that sample size both in radial and femoral group could significantly predict 72% of variability of MD observed in the meta-analysis \[[Figure 3](#F3){ref-type="fig"}\].

![Meta-analysis of pooled data shows the effect of radial versus femoral access on overall procedure time in ST-segment elevation myocardial infarction patients undergoing emergent percutaneous coronary intervention. The mean difference is estimated with random effect model](HV-19-1-g003){#F2}

![Interval plot shows the variability of mean difference in different studies. The heterogeneity in fixed effect model is significant (*P* \< 0.001) and according to meta-regression sample size could predict 72.2% of the variability of estimated effect (*P* = 0.0013). MD: Mean difference](HV-19-1-g004){#F3}

As the definition of procedure time was missing in a few studies, the influence of this categorical variable could not be measured by meta-regression analysis. Analysis of influence identified RIVAL trial as the main contributor of heterogeneity and excluding the latter trial the heterogeneity could be eliminated (*P* = 0.20 \>0.10) although this trial had an important weight and its elimination meant a reduction of 62% of estimated effect in fixed effect model \[[Table 2](#T2){ref-type="table"}\].

###### 

Analysis of influence shows the weight of each study in estimated effect and contribution of individual studies in heterogeneity. After elimination of RIVAL trial, the heterogeneity becomes no significant (*P*=0.20)

![](HV-19-1-g005)

Egger method detected bias publication which disappeared once RIVAL study was deleted. Fixed effect model after RIVAL trial elimination showed nonsignificant *P* value (0.20) of homogeneity test and with a significant MD of procedure time of 1.5 min in favor of femoral approach (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. The analysis of three studies with similar definition of procedure time, consisting of interval from artery puncture to the end of PCI, revealed a nonsignificant difference in procedure time between radial and femoral approach (MD \[95% CI\] = 1.26 min \[−0.43, 2.95\], *P* = 0.14, *P* het = 0.85) \[[Figure 4](#F4){ref-type="fig"}\].

###### 

Overall effect, heterogeneity, and publication bias evaluation with and without inclusion of RIVAL trial

![](HV-19-1-g006)

![Meta-analysis of pooled data showing the effect of radial versus femoral access on overall procedure time including only three studies with more similar definition of procedure time (from arterial puncture to the end of the procedure)](HV-19-1-g007){#F4}

DISCUSSION {#sec1-4}
==========

The present meta-analysis suggests that among patients with STEMI undergoing an emergent PCI, the procedure time in radial access is slightly superior to that with femoral approach, but this difference is not statistically significant. Besides, our review shows an absence of a common definition for procedure time among studies published so far, thus a universal definition of this interval is required to achieve more reliable results.

Since radial access began to be used both in coronary angiography and therapeutic procedure,\[[@ref22][@ref23]\] many advantages such as a decrease in the incidence of access site bleeding and other vascular complications, patient comfort improvement, and early ambulation were found over more conventional transfemoral route. These benefits could be more advantageous in the setting of emergent PCI for STEMI where the use of thrombolysis, glycoprotein IIb/IIIa inhibitors, and other antithrombotic agents could increase the risk of access site bleeding up to 23% of patients.\[[@ref24]\]

However, these advantages can potentially be counterbalanced with the association of radial access with more occurrence of puncture failure, difficulty for complete the complex procedure, and the need for special and longer training period with regard to femoral access.\[[@ref25]\] All these observations raise the concern of the usefulness of radial approach for emergent PCI in STEMI.

The use of radial approach for coronary angiography and PCI has increasingly attracted the interest of interventionists, and more complex intervention are being done by this access as the level of operator experience increases. In relation to learning curve and operation time, it is well known that the average duration of the procedure performed by radial approach could be regularly decreased with operator experience.\[[@ref26]\]

Consensus document on the radial approach in percutaneous cardiovascular intervention \[[@ref27]\] proposed the stepwise approach for the use of radial access starting with diagnostic procedure in male first and then in female patients with good radial pulse \<70 years old as the first level and to reserve the utilization of radial access for STEMI patients as the third level. At this level, the operator should have done around 300 cases through radial access.

Comparison of procedure time in STEMI patients undergoing emergent PCI with radial versus femoral access has been done in other meta-analysis as a secondary end point. Karrowni *et al*.\[[@ref8]\] in a meta-analysis of nine CRTs concluded that radial approach in STEMI patients took a small longer time (1.5 min) compared to femoral access although this difference was statistically significant. In contrast to the latter study which included 2046 patients, in the present meta-analysis, the sample size has been 4173 patients.

Pang *et al*.\[[@ref28]\] in a recent meta-analysis for evaluation of safety and efficacy of transradial PCI in STEMI patients compared the operational time between radial and femoral approach in three studies with a total of 1787 patients and revealed that the procedure time was 6.04 min shorter in radial group, difference which was statistically significant. It should be emphasized that in this meta-analysis with the exception of Wang *et al*.\[[@ref18]\] trial, in the remaining studies, the patients were not randomly distributed to arterial access.

In the current study, we found an absence of a common definition for the operational time among different studies included in the meta-analysis. This issue has not been remarked in previous systematic reviews and we consider that along with sample size differences and a few intrinsic the characteristics of the study design could have contributed to the presence of heterogeneity mentioned in this manuscript.

We highlighted the significant contribution of RIVAL trial \[[@ref5]\] to the heterogeneity found in fixed effect model. Although this study had an important weight in the estimation of MD, it is worth pointing out some specific aspects of the study design. In the latter trial, the minimum level of operator expertise for radial approach was fixed at fifty procedures during the previous year. The authors argued that higher level of experience could limit the external validity of the study. In most of the remaining studies included in our meta-analysis, the operator expertise was marked higher than that considered in RIVAL trial. This aspect together with sample size, the biggest in RIVAL study, has probably differentiated this trial from others.

It is noteworthy that with the exception of Gan *et al*.,\[[@ref4]\] other trials excluded patients with cardiogenic shock, and for this reason, we cannot extrapolate our results to this specific subgroup with hemodynamic instability.

This is the most comprehensive meta-analysis performed so far which compares the procedure time in STEMI patients undergoing emergent PCI including only CRTs published in this field. Taking into account that the procedure time has not homogeneously defined in all studies, the use of radial access is associated with a slightly longer operational time of 1.6 min.

Limitations {#sec2-3}
-----------

The main limitation of this study is the absence of a common definition for procedure time between different studies which could have probably contributed in part to the heterogeneity found in the meta-analysis. Unfortunately, the real contribution of this factor to the presence of heterogeneity could not be statistically quantified due to unavailability of a precise definition for operational time in a few studies. This limitation should be resolved in the future by standardizing the procedure time definition. In this sense, the best interval which could adequately represent the access influence on procedure time is probably the interval from the first attempt to arterial puncture to the end of the PCI. The meta-analysis of three studies whose definition of procedure time resembled to this interval showed a nonsignificant difference between radial and femoral approach, but these trials did not include a large number of patients. Other limitation of our study is the difference in sample size between trials which has influenced the absence of homogeneity. The results of our study could not be extrapolated to the subgroup of patients with cardiogenic shock, and this aspect is a limitation in terms of external validity.

CONCLUSIONS {#sec1-5}
===========

The current meta-analysis suggests that the use of radial approach in STEMI patients undergoing emergent PCI does not significantly increase the procedure time although this interval has not been uniformly defined among different studies. A standardized definition of procedure time is required to clarify this matter.
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